Materials and Synthesis
All commercially available chemicals and solvents were used directly without further purification unless otherwise stated. Tetrahydrofuran (THF) and toluene were distilled before a drying progress of sodium, and 1,2-dichloroethane was dried with calcium hydride. 4-octyl-2-(tributylstannyl)-4H-dithieno[3,2-b:2',3'-d]pyrrole (compound 1), [1] tributyl(thieno [3,2-b] thiophen-2-yl)stannane, [2] and tributyl(dithieno[3,2-b:2',3'-d]thiophen-2-yl)stannane [3] were synthesized according to the literature. Scheme S1. Synthetic routes of IPT-2F, IPTT-2F, and IPTTT-2F.
Synthesis of diethyl 2-bromo-5-(4-octyl-4H-dithieno[3,2-b:2',3'-d]pyrrol-2-yl)terephthalate (compound 2)
: diethyl 2,5dibromoterephthalate (3.9 g, 10.3 mmol), compound 1 (4.0 g, 6.9 mmol), Pd(PPh 3 ) 4 (159.3 mg, 137.8 µmol) were added in anhydrous toluene (100 mL). The mixture reacted at 100°C for 48 h under nitrogen and then cooled to room temperature. The solvent in the mixture was evaporated under vacuum. The residue was purified by silica gel column chromatography (petroleum ether/ethyl acetate=15:1 v/v) to obtain an orange viscous liquid (2.2 g, 54%). 1 1 Hz, 3H), 0.86 (t, J = 6.9 Hz, 3H). 13 
Synthesis of diethyl 2-(4-octyl-4H-dithieno[3,2-b:2',3'-d]pyrrol-2-yl)-5-(thiophen-2-yl)terephthalate (compound 3):
Compound 2 (570.0 mg, 1.0 mmol), tributyl(thiophen-2-yl)stannane (468.2 mg, 1.3 mmol), Pd(PPh 3 ) 4 (55.8 mg, 48.3 µmol) were added in anhydrous toluene (12 mL). The mixture was refluxed for 12 h under nitrogen. The solvent in the mixture was evaporated under vacuum. The residue was purified by silica gel column chromatography (petroleum ether/dichloromethane=3:2 v/v) to obtain an orange viscous liquid (460 mg, 80%). 1 
Synthesis of diethyl 2-(dithieno[3,2-b:2',3'-d]thiophen-2-yl)-5-(4-octyl-4H-dithieno[3,2-b:2',3'-d]pyrrol-2-yl)terephthalate (compound 5):
Compound 2 (500 mg, 0.9 mmol), tributyl(dithieno[3,2-b:2',3'-d]thiophen-2-yl)stannane (534.2 mg, 1.1 mmol), Pd(PPh 3 ) 4 (48.9 mg, 42.3 µmol) were added in anhydrous toluene (12 mL). The mixture was refluxed for 12 h under nitrogen. The solvent in the mixture was evaporated under vacuum. The residue was purified by silica gel column chromatography (petroleum ether/dichloromethane=1:1 v/v) to obtain a yellow solid (500 mg, 84%). 1 
Synthesis of IPT:
A solution of 4-hexyl-1-bromobenzene (1.3 g, 5.2 mmol) in anhydrous THF (30 mL) was placed at -78°C for 10 min, then n-BuLi (1.9 mL, 4.8 mmol, 2.5 M in hexane) was added to the solution slowly. After the mixture was stirred for 2 h at -78°C under nitrogen, compound 3 (410.0 mg, 0.7 mmol) in THF (5 mL) was then added to the solution in a minute. The reaction mixture was warmed to room temperature and stirred for 2 h. The solvent of the mixture was evaporated under vacuum. The light yellow residue was dissolved in octane (80 mL) and acetic acid (40 mL), then 0.1 mL concentrated H 2 SO 4 was added dropwise. The solution was stirred at room temperature for 1 h before quenched by water. The organic layer was extracted with petroleum ether (2×100 mL) and washed with water for three times. The combined organic phase was dried over anhydrous MgSO 4 . The solvent in the mixture was evaporated under vacuum, and the residue was purified by silica gel column chromatography (petroleum ether/dichloromethane=9:1 v/v) to obtain a viscous yellow liquid (700 mg, 91%). 1 13 
Synthesis of IPTT:
The synthetic method of compound IPTT was similar to the synthesis of compound IPT. The residue was purified by silica gel column chromatography (petroleum ether/dichloromethane=9:1 v/v) to obtain a yellow solid (92%). 1 
Synthesis of IPTTT:
The synthetic method of compound IPTTT was similar to the synthesis of compound IPT. The residue was purified by silica gel column chromatography (petroleum ether/dichloromethane=9:1 v/v) to obtain a yellow solid (90%). 1 13 
Synthesis of IPT-CHO:
A mixed solution of compound IPT (600.0 mg, 538.2 µmol) in anhydrous DMF (4 mL) and anhydrous 1,2dichloroethane (12 mL) was placed at 0°C for 10 min, then phosphorus oxychloride (POCl 3 , 0.5 mL) was slowly added to the solution under nitrogen. After being stirred at 0°C for several minutes, the mixture was warmed to 70°C for 3 h. The reaction mixture was poured into a solution of Na 2 CO 3 (21.2 g, 0.2 mol) in water (200 mL). The mixture was vigorously stirred at room temperature for 6 h. The organics were extracted with a mixed solvent of ethyl acetate and petroleum ether (1:9, v/v). The combined organic layer was washed with water and dried with anhydrous Mg 2 SO 4 . The solvent was evaporated under vacuum, and the residue was purified by silica gel column chromatography (petroleum ether/dichloromethane=1:1 v/v) to obtain an orange solid (570 mg, 90%). 1 13 
Synthesis of IPTT-CHO:
The synthetic method of compound IPTT-CHO was similar to the synthesis of compound IPT-CHO. The residue was purified by silica gel column chromatography (petroleum ether/dichloromethane=1:1 v/v) to obtain an orange solid (88%). 1 
Synthesis of IPTTT-CHO:
The synthetic method of compound IPTTT-CHO was similar to the synthesis of compound IPT-CHO. The residue was purified by silica gel column chromatography (petroleum ether/dichloromethane=2:3 v/v) to obtain an orange solid (87%). 1 13 13 13 
Synthesis of IPT-2F:

Synthesis of IPTT-2F:
Synthesis of IPTTT-2F:
By utilizing the similar synthetic method as used for IPT-2F, compound IPTTT-CHO (130.0 mg, 101.3 μmol) and 2-(5/6-fluoro-3-oxo-2,3-dihydro-1H-inden-1-ylidene)malononitrile (107.5 mg, 506.7 µmol) and β-alanine (1.8 mg, 20.3 μmol) were used for the synthesis of IPTTT-2F. The target compound was obtained as a dark-blue solid (143 mg, 84%). 1 13 C, and 19 F NMR spectra were obtained on a Bruker AVANCE III 500 MHz instrument with solutions in either CDCl 3 or CD 2 Cl 2 . The matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectra were measured by a Bruker Autoflex TOF/TOF spectrometer. Ultraviolet-visible (UV-Vis) absorption spectra were performed on Thermo Fisher Evolution 220. The thermogravimetric analysis (TGA) was tested on NETZSCH TG 209F1 Libra with a heating rate of 20°C min -1 from 40 to 800°C under nitrogen gas flow. Differential scanning calorimeter (DSC) analysis was carried out on PerkinElmer Diamond DSC with a heating rate of 40°C min -1 from 30 to 250°C in nitrogen atmosphere. The DSC tests were conducted with two cycles of heating and cooling, with the final data collected from the second cycle. Cyclic voltammetry measurements were carried out on CHI 600D electrochemical workstation. All initial potentials were determined in a 0.1 M Bu 4 NPF 6 acetonitrile solution under N 2 atmosphere at a scan rate of 50 mV s -1 and corrected against ferrocene/ferrocenium (Fc/Fc + ). 
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Device Fabrication and Measurement
The device structure is indium tin oxide (ITO)/PEDOT:PSS/PBDB-T:acceptors/Phen-NaDPO/Ag. Phen-NaDPO were purchased from 1-Materials Inc. The PBDB-T and the three SMAs (IPT-2F, IPTT-2F, and IPTTT-2F) were blended at a donor/acceptor (D/A) ratio of 1:1 and dissolved in chlorobenzene to obtain a solution with a total concentration of 20 mg/mL. 1,8 diiodooctane (DIO) was added as a solvent additive at 0.5% volume of the blend solution. The patterned ITO-coated glass substrates (15 Ω per square) were cleaned with detergent water, deionized water, acetone and isopropyl alcohol in an ultrasonic bath sequentially for 20 minutes, and then under UV-Ozone treatment for 15 minutes. After the UV-Ozone treatment, PEDOT:PSS solution was spin-coated at 4000 rpm onto the ITO substrates. After being baked at 150°C for 10 min in air, the PEDOT:PSS-coated substrates were transferred into nitrogen-filled glove box. The donor/acceptor blend solution was spin-coated with 2000 rpm. For Phen-NaDPO interface, we spin-coated the solution with 4000 rpm on top of the active layer, then deposited 100 nm Ag by thermal evaporation. J-V measurements of solar cells were performed in the glovebox with a Keithley 2400 source meter and an Oriel Sol3A Class AAA solar simulator calibrated to 1 sun, AM1.5 G. The external quantum efficiency (EQE) measurements were performed at zero bias by illuminating the device with monochromatic light supplied from a Xenon arc lamp in combination with a dual-grating monochromator. The number of photons incident on the sample was calculated for each wavelength by using a silicon photodiode calibrated by NIST. Electron-only devices with the structure of ITO/ZnO/Active layer/Ca/Al and hole-only devices with the structure of ITO/PEDOT:PSS/Active layer/MoOx/Ag were used to evaluate charge mobility by SCLC model. A 5400 Agilent atomic force microscopy (AFM) instrument was performed to obtain morphology images. [a] Asymmetric FREA based on two different endcapped groups.
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[b] FREA based on asymmetric side chains. 
